1. A computerized technique is described for the quantitative determination of radiometabolites from incubation studies. 2. Seven steroid substrates have been incubated with human endometrial tissue. The principal radiometabolites were identified and determined after 2hr. incubation without the addition of cofactors and after 4hr. incubation with cofactors. 3. The main products from progesterone were 20a-dihydroprogesterone and 5a-pregnanedione with lower yields of 5,-pregnanedione and 20,B-dihydroprogesterone. There was no evidence for 17ac-hydroxylase activity. 4. 17a-Hydroxyprogesterone was transformed into small yields of 17ac,20a-and 17oc,20fl-dihydroxypregn-4-en-3-one. In one incubation there was evidence for conversion into androstenedione. 5. Dehydroepiandrosterone was transformed into small amounts of androstenedione, 5a-androstanedione and androsterone. 6. Androstenedione and testosterone were interconvertible, the reaction favouring the formation of androstenedione. 5ca-Androstanedione and androsterone were formed from both substrates. There was no evidence for the formation of phenolic steroids. 7. Oestrone and oestradiol-17, were interconvertible, the reaction favouring the formation of oestrone. (1967) reported on the transformation of progesterone (pregn-4-ene-3,20-dione) in tissue from the same phase of the cycle. The principal findings were a high formation of oestrone [3-hydroxyoestra-1,3,5(10)-trien-17-one] from oestradiol-179, and significant yields of 20Oc-dihydroprogesterone (200c-hydroxypregn-4-en-3-one), 50c-pregnane-3,20-dione and an unidentified (dihydroxy) compound from progesterone. In addition, these authors suggested that the human endometrium has minimal capacity for the side-chain cleavage of 170c-hydroxyprogesterone (17ac-hydroxypregn-4-ene-3,20-dione) or for the formation of oestrogens from neutral steroid intermediaries.
The human endometrium undergoes cyclical changes in morphology and function that have been shown to be dependent on the biosynthesis and secretion of ovarian hormones. However, little information is available on the concentration and transformation of the principal ovarian hormones and their metabolites in this tissue. Sweat, Bryson & Young (1967) reported on the transformation of oestradiol-17, [oestra-1,3,5(10)- triene-3,17fl-diol] by human proliferative endometrium and subsequently Bryson & Sweat (1967) reported on the transformation of progesterone (pregn-4-ene-3,20-dione) in tissue from the same phase of the cycle. The principal findings were a high formation of oestrone [3-hydroxyoestra-1,3,5(10)-trien-17-one] from oestradiol-179, and significant yields of 20Oc-dihydroprogesterone (200c-hydroxypregn-4-en-3-one), 50c-pregnane-3,20-dione and an unidentified (dihydroxy) compound from progesterone. In addition, these authors suggested that the human endometrium has minimal capacity for the side-chain cleavage of 170c-hydroxyprogesterone (17ac-hydroxypregn-4-ene-3,20-dione) or for the formation of oestrogens from neutral steroid intermediaries.
The present paper concerns the transformation of isotopically labelled progesterone, 170c-hydroxyprogesterone, dehydroepiandrosterone (3f,-hydroxyandrost-5-en-17-one), androstenedione (androst-4-ene-3,17-dione), testosterone (17fl-hydroxyandrost-4-en -3 -one), oestrone and oestradiol -17,B by human secretory endometrium and illustrates the application of a computerized technique for the quantitative determination of radiochemically pure metabolites.
W. P. COLLINS AND OTHERS radioactivities in mc/m-mole): [4-14C] progesterone, 58-5; 17ex-hydroxy[4-14C] progesterone, 35-9; dehydro[4-14C] The remainder of the ijth metabolite from the second t.l.c. plate was recrystallized to constant specific radioactivity to determine its purity, fl,j, and hence the measured radioactivity of the ijth metabolite, f3i;Xq/ceij d-p.m. with a Pye 104 model 84 chromatograph and 63Ni electroncapture detection. Glass columns (144 cm. x 4 mm. internal diam.) were packed with 3% XE-60 (eyanoethyl methyl silicone) on Gas Chrom Q and operated at 190°. The carrier gas was argon-methane (95:5) at 50ml./min. The detector was maintained at 2200, and every 150,tsec. a 47 v pulse of 0-75,usec. duration was applied.
The heptafluorobutyrate derivatives were prepared (Collins, Sisterson, Koullapis, Mansfield & Sommerville, 1968) , either after the first t.l.c. or after hydrolysis of the acetylated derivatives with methanolic NaOH (Bush, 1961 ). An appropriate portion of the sample was transferred to a solid injection syringe (SS60; 3iin. needle; Hamilton Co.
Inc.) and applied directly to the top of the column. The detector response was displayed on a chart recorder and the amount of each compound determined by electronic digital integration (Infotronics, model CRS-1OHB) of the standard and unknown. The retention times of the heptafluorobutyrate derivatives relative to dehydroepiandrosterone heptafluorobutyrate (7-1min.= 1-0) were: androsterone, 0-78; aetiocholanolone (3xc-hydroxy-5fi-androstan-17-one), 0-87; epiandrosterone (3f-hydroxy-5oc-androstan-17-one), 1-13; androstanolone, 1-37.
EVALUATION OF METHOD
The procedure for the quantitative determination of radiometabolites has been evaluated from a theoretical approach and in practice by replicate analysis of a known mixture of labelled steroids.
Theoretical assesMment. In an attempt to determine the random error on the percentage of initial radioactivity in metabolite M11 the random errors on each term in enq. (1) were assessed. The overall percentage error on M1j
[AMlj = (S.D. x 100)/IMi] was then determined from eqn. (2) below, derived from the usual laws for the combination of additive and multiplicative independent normal errors: 
where Afij is the overall percentage error on flij, and similarly for other terms.
The maximum error on each term in eqn.
(1) was'evaluated as follows. eij, ai. There are two errors in each term, one from diluting the extract to lml. and one from removing 50,ul.
for counting. These two errors were then combined to give: A\ = (A12+A22)i = (2.02+1.02)i = 2-2% X11, XI, XR', XR. Similarly there are two errors in each of these terms, one from the counting error assuming Poisson statistics, and one from the determination of counting efficiency by an external standard channels-ratio method. As 20000 counts were recorded for each sample the counting error was about 047%, and the error on efficiency wag estimated to be 3%. These combine to give an overall error of 3-1%.
fij. There are four errors contributing to this term: the weights of the portion of initial sample and crystals after the third crystallization, and the determination of d.p.m. in both samples. All samples were weighed to within 0.5% and the d.p.m. measured to within 3-1%. These values combine to give an overall error of 4-5%.
If these values are incorporated into eqn. (2) Practical a8sessment. The theoretical evaluation of the procedure assumes equal extraction and losses of steroids within the polarity range under investigation. To test these assumptions two experiments were undertaken. In the first 14C-labelled progesterone, androstenedione, dehydroepiandrosterone, 17a-hydroxyprogesterone and testosterone were added to different flasks containing 300mg. of endometrial tissue. The tissues were extracted with acetone and ether and 5% portions of the extracts removed for liquidscintillation counting. The recovery ofall steroids (corrected for quenching) was 90-95%. In the second series of experiments a known mixture of these five steroids was added to 300mg. of endometrial tissue. The mixture was analysed and the radioactivity associated with each component (corrected for quenching and experimental losses) was expressed as a percentage of the total radioactivity added. The results from six replicate determinations are shown in Table 1 . The mean recovery ofthe five steroids was 88% and, as the theoretical error was 6% (la), the mean recovery found in practice is within 2a of the amount added.
RESULTS
The endometrial tissue used in this series of experiments was removed from six premenopausal subjects (aged 15-42 years). Histological examination of all tissues indicated a secretory pattern. The tissues were incubated with five neutral substrates for 2hr. (without the addition of cofactors) and for 4hr. (with cofactors). In addition, the metabolism of oestrone and oestradiol-17, was investigated over a period of 2hr. (without cofactors).
Control incubation8. Seven incubation flasks were prepared each with 300mg. of tissue, 3ml. of buffer and I0 ml. of acetone. Then 2 ,ug. ofa different substrate was added to each ofthe flasks, which were agitated by hand, and extracted after standing overnight at 4°. No identifiable radiometabolites were visible on the first radioautogram and the percentage of each substrate recovered (corrected for losses and purity) ranged from 82% to 95%.
Incubation with [4-14C] proge8terone. (a) For 2hr. without cofactors. A 370mg. portion of the minced tissue was incubated with 2,ug. of progesterone.
After extraction of the radiometabolites and radioautography of the first t.l.c. plate, eight principal products were visible. After further t.l.c. and recrystallization studies, 71% of the progesterone was recovered untransformed. The principal product, 5a-pregnanedione, was available in sufficient quantity (3% of initial radioactivity) for recrystallization to constant specific radioactivity. 5,8-Pregnanedione, 200c-dihydroprogesterone, 20,Bdihydroprogesterone and 20oc-and 20fl-hydroxy-5oc-pregnan-3-one were tentatively identified on the basis of their chromatographic properties.
(b) For 4hr. with cofactors. A 230mg. portion of tissue was incubated with 2 ,ug. of progesterone and 1 ,umole of each cofactor. In this instance ten radioactive areas were visible on the first radioautogram.
Of the progesterone added 47% was recovered untransformed, and 5oc-and 5fl-pregnanedione were identified by recrystallization to constant specific radioactivity (Table 2 ). Under these experimental conditions 200c-and 20,B-dihydroprogesterone were produced in slightly higher yield and were both identified byrecrystallization studies after oxidation to progesterone with chromic acid (Bush, 1961) .
20oc-and 20fl-Hydroxy-50c-pregnan-3-one were again identified on the basis of their chromatographic properties, but there was insufficient of the radiometabolites and authentic steroids for more positive identification.
Only 64.5% of the initial radioactivity was accounted for, but there was no evidence for the formation of identifiable amounts of 17ex-hydroxyprogesterone, or 3-hydroxylated compounds.
Incubation with 17ac-hydroxy[4-14C]progesterone. and 1,umole of each cofactor. The spectrum of metabolites was similar to that over the short time, but more substrate was transformed and more radioactivity incorporated into the products (Table  5 ). In this instance epiandrosterone had not 
